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Environmental evolution and carbon burial assessment of the west coast of Bohai Bay since Late Pleistocene
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Abstract: The quantitative assessment of carbon flux in soil or sediments of coastal wetlands has recently become a hotspot in carbon cycle
research both at home and abroad. However, most of the depth of the sediment samples studied is less than 1 m (or a maximum no more than
3 meters), and there are few studies on carbon fluxes in deeper sediments or longer time scales, such as the millennium scale available. In order
to reveal the carbon fluxes in deeper layers, a hole of 32.68 m deep (BHZK13) was drilled in the old Yellow River Delta on the west bank of
Bohai Bay in 2016. Core samples are carefully described and tested for AMS'*C and OSL dating, grain size analysis, foraminifera identification,
and analysis of total carbon(TC), organic carbon (OC), and major elements (including nutrient elements) in addition to in-situ densities. The
results show that since Late Pleistocene, the sedimentary environment of the old Yellow River Delta on the west coast of Bohai Bay can be
subdivided into seven sub-environments, namely, the tidal flat in MISS (U1), floodplain (U2), river channel (U3), Holocene tidal flat (U4),
Yellow River Delta phase one (U5, 5500~ 3600 cal.aBP), reconstruction layer (U6) and Yellow River Delta phase two (U7). The highest
sedimentation rate is found in the deltaic front of the delta phase one (1.99 cm/a), while the lowest found in the tidal flat (0.014 cm/a).

Correspondingly, the highest burial rate of organic carbon is found in the deltaic front of the Yellow River Delta phase one (134.56 g/(m* a)),
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with the lowest found in river channel deposits. Correlation analysis suggests that the sedimentation rate is the main controlling factor on the

burial rate of organic carbon in various sedimentary environments. TC and OC has a very significant correlation with each nutrient element.

Although the content of organic carbon in the sediments of the Old Yellow River Delta is relatively low due to the high sedimentation rate of the

Delta, the modern Yellow River Delta can still be considered as an excellent carbon sink also due to its high sedimentation rate.

Key words: organic carbon; deposition rate; buried flux; Yellow River Delta
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=1 BXZKI13 7L AMS"“C N E#iE

Table I AMS™C data of Core BXZK13
FE i G5 P /m TR R IE G4 /cal.aBP(10) WIE JG 4 1{H /cal.aBP
BXZK13S1 6.1 Potamocorbula laevis 3047~3222 3135
BXZK13S7 6.8 Terebra koreana 2568~2730 2640
BXZK13S8 7 Potamocorbula laevis 2595~2738 2655
BXZK13S2 14.07 Venus sp. 3851~4042 3940
BXZK13S3 15.77 Venus sp. 5316~5457 5400
BXZK13S4 17.46 ML 8602~8704 8670
BXZK13S5 23.25 Potamocorbula laevis >43500
BXZK13S6 24.63 Scapharca kagoshimensis 45494~46816 46195
& 2 BXZKI13 7L OSL U FH
Table 2 OSL data of Core BXZK13
P it o R /m SR U/(ug/g) Th/(pg/g) K/% ERGHR/Gy SE % /aBP P %/aBP
OSL-8 23.4 2017A008 1.22 5.95 1.95 174.8 56400 +5600
OSL-9 24.7 2017A009 1.46 7.25 2.15 184.7 53300 +5300
OSL-10 27.33 2017A010 1.34 6.48 1.91 225.6 71600 +7200
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4 17.04 pg/g. 400.32 pg/g. 23.08 mg/g Fll 657.34 pg/g,
B IR T IR T E Cu Fl Zn ¥R S 35 .43 5]
9 17.31 pg/g A1 19.71 mg/g; 1Mii Na 4] 2 #a%, -1
B4 33.65 mg/g.

U4 E 5 n Rk A LT U3 28, JF Bk
TR TC R R PR B o5 A, (i TT I A2 1 (81 3),
HHIUR Mg WP Y(E N 19.7 mg/g, K Fll Ca Wk
SEH(H (24.46 mg/g F1 59.4 mg/g) 1 1% JZ 1 3k ) 4 FL
() e RARL, SR R JT R P A Fe YK 2
BIH 5514 600.19 pg/g Fil 45.19 mg/g, N Al Mn ¥
S I(E 5 A 72.71 pg/g Al 1061.27 pglg, 7614210
IR B Bl ALY S5 R AR, B R IR BT R Cu VK
BE -2 {E R 38.7 pg/g, Zn Wk Y {E (33.61 mg/g)
TEIZJZ LA BN B ALY fc R AE 10 Na 2 A S #, 7
¥IH A 23.11 mg/g.

US-1 E 45 n Rk E O B AR a3, Je Rk

A TCE L B e /IMEL, Hor 23.2 m A T X JEMEAR T U4 JZ (K 3), W 0K K, Ca Fll Mg ik &
0C/(mg/g) N/(ng/g) Pl(ug/g) OC/N Fe/(mg/g) Mn/(ng/g)
0246810120 30 60 90 120200 400 600 0 4 8 1216 16 32 48 400 800 1200
0 1 1 Il L L J L L 1 1 L ] { N R N R N S SN Iy (NS SN SN SN S D S O S
ATLHE 3 35m
K % % f> SI 3 % 700BC-LIAD = fit il gy
g — _ Eﬁ(L} £ 7.3m
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E L= = IS i = =il L =Y T IO
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< — — = = W o,
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24 I 54 6m
28 7 i E i é é Z TR 590,
32
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Fig.3 Element geochemistry of the sediments core BXZK13
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-S4 {E 43 91 23.26. 47.19 FI 13.36 mg/g, 5 55185
Hr B B i T 3 N PL Fe Al Mn B9 °F ¥ {5 4 5 A
68.46 ug/g. 589.87 ug/g. 40.11 mg/g Fl 848.57 uglg,
R R IR R TR Cu M Zn (9 15 43 B
34.47 pg/g M1 27.67 mg/g; 1M Na 524 S #a 3, - (H
4 28.08 mg/g.

US-2 Z & e R W o AR fh a3, &t &R
WEEA LT US-1 JZ BRI (K] 3), # It & K. Ca fil
Mg ¥ 34043 0 20,55, 37.11 Fl 14.09 mg/g,
F& W MR SC R N P Fe Fll Mn ¥ 5 S 24 {5 43
BIA 43.57 pg/g. 541.91 ng/g. 30.84 mg/g F1688.33 ug/g,
HFER AR AT E Cu Al Zn ¥ B - 24 (8 40 )
h 23.71 pg/g Fl 21.55 mg/g; 1fi] Na 541 2 ¥ #, -1
{H 4 30.82 mg/g.

U6 Z a5 n Rk EE A i Bz i AR K (F 3),
HHIUER K. Ca Fl Mg “F-H{H 351k 22.24, 44.47 Fi
14.5 mg/g, ‘BRI E TR N, P, Fe £ Mn *f-
118 4> 9 M9 37.7 pg/g. 509.87 pg/g. 31.39 mg/g il
778.52 pg/g, H IS T IR I ICER Cu Ml Zn F- 3
{85 43 51} 23.93 ug/g M 22.5 mg/g; 1 Na 5 A #
B H(E N 33.01 mg/g.

U7 JZ 1 N FI P 4 J0 3 W B2 T B A8 1k i
(FE3), ¥HEICE K, Ca fll Mg ¥ B - {8 5 51 K
23.95, 48.32 Al 18.65 mg/g, & 7 WL 4> A i T &
N. P. Fe #l Mn Y ¥ i V- ¥ {8 43 51 24 51.76 pg/g.
607.31 pg/g. 40.2 mg/g Fl 946.8 pg/g, &5 5 Mo FH iy
JRHEICE Cu Fl Zn A9V FE -3 5 51 4 33.51 pg/g
F127.9 mg/g; T Na SEAHSGE S, SF-E{ER 26.11 mg/g.
332 RBYBIRE AL B FAFAE

BD. TC. OC Fil TIC ¥ i 7 % > 4l £L o G 428
LA T, B 550 R AL EAMR A, AR

BD/(g/cm) TC/(mg/g) OC /Amg/g) TIC Amg/g)

19 1.7 15 13 1. 0 4 81216202428 0 2 4 6 8 101204081216 2 24 0 200 400 6000
N T N T N S - S S S T I S L 1 1 Il 1 L J L 1 1 1 1 J L 1 1 1 1 1 J L

390 70052 B0 1 5 I - AR A AR R B (18] 4) : R
% REAE N F MISS (%38 BFAH (U1) T 1 22 0 58T
W 1 %) 3T 3 AH (U3) B e, 78 UL 2 ol 1.26~
1.4 glem?, ¥ {H 1.32 g/em?, i ££ U3 2l 1.49~
1.89 g/em?, “F¥I{H 1.73 g/lem?, b A gl FL A e

Z b BB R R I A (U4) R SR RE AR,
1.46 g/em?, % MH 2 — W1 =M (U5) Fg i 2 (U6)
F B BePE T S R R R 115~ 1.75 glem?, FFE-H{E
1.58 g/em’; #F 1% FL i L #B9 —14 = 1 ¥ (U7) H BD
{EIZ W REAR, 1A R 1.54 g/em’,

TC. OC LA J TIC I B #E 3 > gl L b Bk A
b #a M 25 (B 4), TC. OC L K TIC ¥ & M
MIS5 JH (4380 FFAR (UT) FF 4 2 W66 5557 ThE g6 10 7y o]
HI(U3) HPZ TR, 78 UL JZ HPSE 3 1H 5 9 4 21,
4.8 fl 16.2 mg/g, i #F U3 H-FEX{E 5510 11.2, 0.6
1 10.7 mg/g, A S5 AL P S AR ; =2 b 0030 BF vk
T AR (U4) H 208038 I, P 448 53 51 R 23.8. 5.4
19.1 mg/g, % MH 2 — W =M1 (US) 2 Bir Be PRt/ 1y
N, SEEIE 9 M 16, 4.9 F12.2 me/g; 78 1ZFLik
1 )2 (U6) fde ¥ — 1 = (U7) o BD (H&
s, SE344E R 15.8. 3.7 A110.9 mg/g.

TC L33 1 5 OC Al TIC 1 i i A5 £k $
FIZEML(E 4), TC, OC FI TIC HELE I 2 [ 127 3 I
FH(U2) 2 W38 A (U3) JE B 2 A8 4k, SF- 35948 4 51 K
3.14, 0.22 fi1 2.91 g/(m*>a), A AHE L HAKME, Z
T B A A (U4) B — B =AU A = A I A
(U5-1) Hr 2 18 38 hm, 7 3408 73 90y 18.41. 3.81 Fl
14.6 g/(m™a), 7% U5-1 H-F-Y{E 551k 33.42. 9.82 FiI
23.95 g/(m*a), Z&—W = M N AT LA (US-2) 2 3
i, SERIE 535k 467.48, 134.56 Fl1 336.61 g/(m*a),
FAEL L B A, 205 B0 2 (U6) fld 3Ry
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Fig.4 The evolution of carbon in the geological history
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Table 3 Vertical sedimentation rate and accretion rate of carbon of different sediment environments in the Yellow River Delta

DURUHER, JRIEE, TCWKFE/  OCIKEE/ TICHKEE/ TCHERUER/ OCHERUEZ/ TICHERUE R/ -

TUBVR{L (cm/a) (g/em?®) (mg/g) (mg/g) (mg/g) (g/(m*-a) (g/(m*-a) (g/(m*a) TS
u7 0.1 1.54 16.7 3.9 12.8 25.54 5.88 19.86 ZHI= AT
U6 0.14 1.48 13.9 3.6 9 28.18 7.09 73.99 S BT
U5-2 1.99 1.65 14.2 4.1 10.2 467.48 134.56 336.61 — I = A N AT ST
U5-1 0.12 1.41 19.9 5.7 14.2 33.42 9.82 23.95 — TR = AR AT = AR TR
U4 0.052 1.46 23.8 5.4 19.1 18.41 3.81 14.6 -
U3 0.015 173 11.2 0.6 10.7 2.92 0.16 2.76 AR
U2 0.014 1.45 16.9 1.9 15.1 3.45 0.39 3.06 2R
Ul 1.38 21 4.8 16.2

T =N (UT) 28T B, U7 Y E 5 R
28.18. 5.88 fi1 19.86 g/(m*a) .

4 hie

4.1 MIBYBRIEFTH D EEXES T E OC/N o

XTUTRRA Bl . 32 15 0T 3 IV 57 o Wk BE A T
THEMES P (F4),0C 5 N KWK E LR KR
2R M A 56 (7=0.912), H OC Ml N ¥ & 7F U4 31355 h
B, 5N SESE FAE A, SR i T 1 U A B
T Ml b B Y R ECE B OF AR R S . SE RS E

OC. Al e B 5t 2R MEAH OC, R = A WL U
Wy ELAG A v T B W e B

ANFEPLFZE H TC. Corg 5 HiAl ¥ 38 B4 e &
MM EZESR (K3, £4), 78 UL, U2 1 U4 1L
BUALE T, TC 5 Ca W 2 B EH LMK (>0.862),
1M OC 5 Ca FHICHEA 1 35, UEW] A DL 72 i ohy =
B TEHLK 2 TC 1) EZ A 78 US s 5 oC Al
Ca ¥ & I 5 2R M AH G (7=0.513) (3£ 4), L OC Al
TIC #)/& TC W B Z A Wi iR 4y . Hb OC 7F U2, U3,
U4, US FI U7 A5 5 N A SCHE 2 (£ 4), HE
DU Bl T 3% e U RR B BER B A 7 T e, G AR A
) OC #¢ iy, [R) B 32 DT AR B B 10 VR T 7K 52 T 352708,

F 4 BHZKI3 IR REFR T RENELRY

Table 4 Correlations between carbons and nutrients of the sediments

Cu N Mn P Zn Al Fe Mg Ca Na K TC oC

Cu 1 0.742 0.764 0.639 0.907 0.879 0.937 0.923 0.734 —0.84 0.875 0.834 0.558
N 1 0.635 0.638 0.721 0.813 0.775 0.731 0.485 -0.57 0.665 0.861 0912
Mn 1 0.495 0.842 0.728 0.825 0.788 0.815 -0.78 0.818 0.808 0.441
P 1 0.604 0.768 0.76 0.728 0.457 —-0.54 0.523 0.613 0.52
Zn 1 0.847 0.919 0.897 0.803 —0.88 0.922 0.858 0.506
Al 1 0.949 0.944 0.686 -0.82 0.823 0.826 0.68
Fe 1 0.979 0.801 -0.89 0.877 0.885 0.592
Mg 1 0.825 -0.9 0.868 0.872 0.561
Ca 1 -0.82 0.766 0.833 0.267
Na 1 —0.823 —0.788 —0.392
K 1 0.781 0.471
TC 1 0.683
oC 1

e P PAIRR R B ENE /N T0.01.
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OC % B 78 i Ho ™ 1, JE 5l 1 78 2% U0 AR B B A v 1
OC ¥k B, TC e B o AH IV 8 /55 o T 48 R 0 AR
JIT i 2R AR, AT DA B R B A AL ST, R /N
1A DL 2 FE R/, T RE PRI T 75 2 1 52 A I -
Wiz, FEARREIAEE T W5 40 BORL TR — R e+,

OC/N L AB B )iz i T X 43 TURR W) Hh A Bl o
o VR F U R 28 o B R T B BTSL OCN HE
<8 hy LY I W T, OC/N ELAE > 12 JULFLY)
ki VEAT LT A (LS, ARBIF 5T R OC/N HE (E Y I i
B US 5 U7 el 1) Ue Z (8] (& 3), #§ 78 i%
ORI S Bl 8 4 o %) R Ak 4, 25 A B PR T AR R
R, AR R AR BRI . AL 3 Al AR US 3
B b, Ho e i) 35 EE = SRR Y

42 HRIBREEESEREXEST

TS 1 b A 2 2R G 0 24 1) B B ST N 2,
i 38R 3 2 DA [ e T ) e L S H
—, B M R 0 RN PR OB R | R
FVE S5 LA AR TURR ) v () VR B e o

A HLAR (OC) M 8 3 2 3 1 2 =0 (1) f IR
W OC ¥ B | U7 %% B AT AR 9 U R B R LS
. 7E BHZKI13 fLH, OC ¥ & -2 {8 4 3.2 mg, It
PRI 5l R0 b 1) F- A I 10 2 100 £554, i
F ST LIFE H, OC ¥ Al OC M H 2 0] 47 7F b
YA M (=042, P<<0.01); [6]#E, OC 1 jif i £
Al fE 5 R A% B (BD) o & & 3 A9 A &t (=
0.234, P<<0.05), 1 F J5 i % & (BD) 78 &5 L H i [
A 1.15~1.89 g/em’, FEARARb G FEIAS K, R4 BD il
OC L i 5 A7 7 b % 5C &, {H BD JF AN 2451 OC
TR KN BB E L A, EARVIR RS
WA R OC e 1 BDE AR L B &, H

OC e & Il OC L i 38 b 22 [] 47 76 W i 3 (%) A S 1
(r=0.95, P<<0.01), {5 4n 7& — M1 35 ] = £ P 1 2% 1t
FL(US-2) ik B d il 1.99 cm/a, 78327 30 5 AH T
FL(U2) F ik e /ME 0.014 em/a, R, OC PR
A REE T T WFSE X P OC $LHEE = 1) A8 1k .

B2, ™4 i, OC HiLHE M & 5 OC ¥ . BD
FOC YU R YA O RETE S i AT RE R I A A
B, A (D) AT, OC HE i 38 1 & OC ¥k JiE
BD AT # K DR 3. R THiE Lk 342
ook OC LM 5 (1) )y 250 2 K g m, AT A
(1) P o) ] Bl 460 B 1 SR X6 %

Log(A) = Log(C) + Log(BD) + Log(DR) + 1 )

Log(OC MLt ) B9 7 227 222X (3) P

V[Log(A)] =V[Log(C)] + V[Log(DR)]+
V[Log(BD)] +2COV[Log(DR), Log(C)]+
2COV[Log(C), Log(BD)]+
2COV[Log(DR), Log(BD)] (3)
6 W TR ISR, tha& 6 v A,
OC ML 5t 32 245 1] DA 22 Ry T FR G 238 1Y) 7y 2 1 i
i, HRE OB R S OC W A 22, i SR
5 BE N OC MR BESZ M A/ o AR B~ 52 e X 2% A 45
AT, DUB R &S 42 il 5 V2R T 8 T) = M Ny 3=
R E, BP9 DLRUE Bl F OC A7 (36 5, 6),
PRT I TR o8 v ) e 3L 73 B, X — ML AT AAFRATT 1)
Bds A5 BIUESE . AR P5 4N FL BHZK3 H A 6] (1 9T
U T, OB ORI T 2 - US-2>US-1>U6>UT7>
U4>U2>U3(F 3) . 1 OC 4 i i 2 7 A
6] (4 I %« U5s-2> US-1> U6> U7> U4> U2> U3
(Kl 4,3 3), HMILAI UL, 7F BHZKI13 L1, OC HEjiL

F5 AAMTC, OCIEFBENHERY
Table 5 Correlations between TC. OC accretion rates in the sediments
IR JE B TCHK % TCHERH % OCIK ¥ OCHERA TICHK TICHERH %

PIRASLES 1 0.262" -0.161 0.993™ 0.337" 0.950" -0.425™ 0.987"

Ry 1 -0.704™ 0.258™ -0.506" 0.234° —0.580" 0.262"

TCHKFE 1 -0.13 0.647" -0.116 0.869™ -0.132
TCHER % 1 0.357" 0.959" -0.399™ 0.993*

OCHK 1 0.420™ 0.184 0.321"
OCHER I % 1 —0.423" 0.919"

TICHK 1 -0.379™
TICHERH 2 1

e PORTE0.0IKT G ERZAS; *AFE0.05/KF CUMD b &K
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Table 6 C, DR, and BD contributions to the variance of carbon burial rate.

V(DR) V(BD) 4(®) 2COV(DR, BD) 2COV(BD, C) 2COV(DR, C)
0.75 0.00 0.16 0.01 -0.01 0.45
e VARET E, COV ARENIT %, DR ARRITHE SR
1 5 E R 36.51 g/(m*a), W SRAAN % & U5- the global context [J]. Agronomy, 2004, 20 (3) : 229-236.
2’ oC iﬁﬁﬁﬁﬁ@%i@{ﬁ%ﬂj 134.56 g/( mz,a) , H_’,fﬂl [4] Duan X N, Wang X K, Lu F, et al. Primary evaluation of carbon
SEENUSEN e y sequestration potential of wetlands in China [J]. Acta Ecologica
(A" - A /J'I:I h ‘50‘0 gi ( mz‘- a) [ OC HL i Ik > “f i‘”, inica, 2005, 282 - 463,460
{B = j‘[:& JIYEJ:% YJ‘H E/J 17.87 g/( mz'a) )[WO Tﬁf {WJ [5] Zhang S P, Wang L, Hu J J, et al. Organic carbon accumulation
E‘[ ﬁ!é 7‘% :‘Ff@‘bﬁjﬁﬁh Hﬂ‘,ﬁ;-ﬂ ﬁiﬂ%@m E E‘E& ’ E‘Fﬁl capability of two typical tidal wetland soils in Chongming Dongtan,
E o _El: = % TR 1 %3 ﬁ {EE s }J\ 102 ﬂl’iﬂ T ULFR China [J]. Journal of Environmental Sciences, 2011, 23 (1) : 87-94.
i JRUE I, &I = AT T OC IR K (6] 7B, vFJEUE, T BORE, SEAT I, LA, 0T AR At LRI
A, {FL R 4 s (0 TR k2, DTG OC 1 130 3 5 Al FRHEI 1 B 2 R 5 R VA0 (7). HEERBH (R TR
e WA — BRI fE KEZAR), 2014 (4) : 80-90. [ZHAO Guangming, YE Siyuan, DING
Xigui, et al. Sedimentary Environmental Partitioning of Holocene
5 Q:l:‘i/\ Strata and Assessment of Carbon Burial Rate of Various Paleo-
“Hlb Environments in the Yellow River Delta [J]. Earth Science, 2014 (4) :
80-90.]

(1) BXZK13 fLA 0 B UL FR 85 A R i bl (7] Wk, (s, R, 4 BEPHDO P A LR B 4
IR T A VTR, 43 5 S PEAR LA (UD) | 2 JU 1 R BB PR RS L], R [ H T, 2012, 39.(5) = 1280-1289).
E*HYR*R(Uz) N ‘Zﬂiﬁ*ﬁ UT*R(U:S) . {E';ﬁ ﬂz_?ﬂﬁ*ﬁ (ﬁ: [OU Lihua, YI Haisheng, WANG Gang, et al. The discovery of

Ve 5 S sponge chert on the bottom of the Lopingian Heshan Formation in
ﬂ:{ ( U4) ’ 5 50073600 cal.aBP _./ﬂ);q E'\:YEI:% ‘{}H I:Fl i western Guangxi and its palacoenvironment [J]. Geology in China,
=P AR TR (US-1) . 5500~ 3600 cal.aBP — i # 2012, 39(5): 1280-1289.]
?EJE% ‘Hll‘l EP Eﬁ ﬂl‘lﬁﬁéj‘% ;FH /ﬁiﬂ( US_Z) N Eiiﬁ%{ﬁ: *R [8]  Ye Siyuan, Laws E A, Wu Qiang, Zhong Shaojun, Ding Xigui, Zhao
(U6) N 700 BC—11 AD :,ﬁ;ﬁzﬁ] ?J‘I‘I {ﬂiﬁq( U7) o Guangming, Gong Shaojun. Pyritization of trace metals in estuarine

(2) OC 7y 34 ek 38 & AF US-2 DLRUIA 58 A i K, sediments and the controlling factors: a case in Jiaojiang Estuary of

7\7 134.56 g/( m’a) , E U3 U’zi{:{ﬂ:tﬁ qjﬁ-id\, j‘] 0.16 g/ Zhejiang Province, China [J]. Environmental Earth Sciences, 2020,
2. Vi I Y % it . i N L g o e 61(5):973-982.

;m a)"‘ Oc‘ﬁbﬁﬁﬁ%jqﬁﬁxj ?E iiﬁ@zﬁ‘% E/J o ﬁ‘ﬂ( [9]  Ye Siyuan, Laws E A, Zhong Shaojun, Ding Xigui, Pang Shouji.

Ejj{’ UEEU% UL%AJE%EE ocC E"J iﬂﬁzﬁi E/‘J _:E%? ?j ° Sequestration of metals through association with pyrite in subtidal
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e DA 3R, (45 BT = £ U OC 114 ~F- X L i Sea, China [J]. Marine Pollution Bulletin, 2011, 62 (5): 934-941.
HiKF 72.19 g/(m*a), B ARAE Tt L HALE OC (101 TR, R, XA Th, BT = A o AE i S0 2 9 i 40 e
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